A Gram-stain-negative, smooth, opaque, white-pigmented, helical-shaped, catalase-and oxidase-positive bacterium that was motile by means of bipolar tufts of flagella and grew under microaerophilic conditions, was isolated from a soil sample of a reed pond in Shangqiu, Henan province, PR China. The strain, designated THG-SQE6 T , grows well at 25-42 C, pH 6.5-7.5 and in the presence of 0-1 % (w/v) NaCl. hylogenetic analysis based on 16S rRNA gene sequences showed that strain THG-SQE6 T was most closely related to Aquaspirillum serpens IAM 13944 T (97.23 % 16S rRNA gene sequence similarity). The DNA G+C content of strain THG-SQE6 T was 53.10 mol%. In DNA-DNA hybridization experiments, the DNA-DNA relatedness between
, a novel species of the genus Aquaspirillum named Aquaspirillum soli sp. nov. is proposed. The type strain is THG-SQE6 T (=KACC 18846 T =CCTCC AB 2016081 T ).
The genus Aquaspirillum was first described by Hylemon et al. [1] . Previously published information indicate that the genus contained 19 species classified mainly on the basis of morphological and nutritional characteristics and DNA G+C content which was not entirely satisfactory due to the limited amount of genotypic data [2] [3] [4] . However, phylogenetic and phenotypic analysis and chemotaxonomic investigations have subsequently been performed on many representatives of genus Aquaspirillum to assess their taxonomic relationships within the genus [4] [5] [6] [7] . These results have revealed the genetically heterogeneous nature of the species of the genus Aquaspirillum and many of them have been transferred to other genera as Alphaproteobacteria [7] [8] [9] [10] [11] [12] . The genus Aquaspirillum comprises three species: Aquaspirillum serpens (type species), Aquaspirillum putridiconchylium and Aquaspirillum polymorphum (molecular analyses have proved that A. polymorphum should be classified as Alphaproteobacteria) [6, 7] . The genus Aquaspirillum belongs to the family Neisseriaceae and phylum Proteobacteria. Species of the genus Aquaspirillum have been isolated from various freshwater sources, including distilled water [13, 14] , ditch and canal water [14, 15] , sewage [14, 16] , and pond and stream water [7] . Members of the genus Aquaspirillum are characterized as: Gram-stain-negative; oxidase-, catalase-and phosphatase-positive; indole-and sulfatase-negative; rigid, helical-shaped bacteria; motile by polar flagella, general bipolar tufts; and aerobic to microaerophilic. For most species, the optimal temperature for growth is 30-32 C, however growth does not occur in the presence of 3 % NaCl. A few species can denitrify. Carbohydrates are not usually metabolized, but a few species can attack a limited variety. The DNA G+C content ranges from 49 to 66 mol% [17] . In this study, we report the taxonomic characterization of a novel species of the genus Aquaspirillum by using a polyphasic approach.
Strain THG-SQE6
T was isolated from a soil sample of a reed pond in Shangqiu (34 22¢ 40 † N 115 39¢ 43 † E), Henan province, PR China. One gram of the sample was suspended in 10 ml sterile 0.85 % (w/v) NaCl solution. Serially diluted samples were plated onto nutrient agar plates (NA; Difco) and incubated at 28 C for one week. Single colonies were purified, transferred to fresh NA plates and incubated once again. One isolate, THG-SQE6
T , was cultured routinely on NA at 28 C and preserved as a suspension in nutrient broth (NB; Difco) with glycerol (25 %, w/v) at À80 C.
Extraction of the genomic DNA was achieved using a commercial genomic DNA extraction kit (Biofact). The 16S rRNA gene sequence was amplified from the chromosomal DNA with the universal bacterial primer pair 518F and 805R [18] , and the purified PCR products were sequenced by Biofact (South Korea). The 16S rRNA gene sequences of related taxa were obtained from the GenBank database (http://blast. ncbi.nlm.nih.gov/Blast.cgi) and EzTaxon-e server (www. ezbiocloud.net; [19] ). Multiple alignments were performed by using the CLUSTAL X program [20] . Gaps were edited in the BioEdit program [21] and evolutionary distances were calculated using Kimura's two-parameter model [22] . Phylogenetic trees were reconstructed using the neighbour-joining method [23] and the maximum-likelihood method in the MEGA5 software package [24] , with bootstrap values based on 1000 replications [25] .
According to the EzTaxon-e server analysis, 16S rRNA gene sequence analyses indicated that the closest relative of strain THG-SQE6 T was Aquaspirillum serpens IAM 13944 T (97.23 % 16S rRNA gene sequence similarity). The 16S rRNA gene sequence of the strain THG-SQE6 T determined in this study is a continuous stretch of 1401 bp. The relationship between strain THG-SQE6
T and the type species of the genus Aquaspirillum [26] was also supported by the topology of the phylogenetic trees (Figs 1 and S1 , available in the online Supplementary Material).
Gram staining was determined using a bioM erieux Gram stain kit according to the manufacturer's instructions. Growth of strain THG-SQE6
T was tested on several bacteriological media including NA (Oxoid), trypticase soy agar
Chromobacterium piscinae CCM 3329 T (AJ871127)
Pseudogulbenkiania subflava BP-5 T (EF626692)
Pseudogulbenkiania gefcensis yH16 T (JF728876)
Paludibacterium yongneupense 5YN8-15 T (AM396358)
Paludibacterium paludis KBP-21 T (HE981224)

Vogesella indigofera ATCC 19706 T (AB021385)
Vogesella alkaliphila JC141 T (HE819389)
Vogesella fluminis Npb-07
Laribacter hongkongensis DSM 14985 T (AUHR01000037)
Microvirgula aerodenitrificans DSM 15089 T (JHVK01000054)
Aquaspirillum putridiconchylium IAM 14964 T (AB076000) C) and at various pH (pH 5.0-10.0, at intervals of 0.5 pH units) were tested in R2B after incubation for 5 days at 28 C. For the pH experiments, two different buffers were used (final concentration, 100 mM): acetate buffer for pH 5.0-6.5 and phosphate buffer for pH 7.0-10.0. Salt tolerance was tested in R2B supplemented with 0-5.0 % (w/v) NaCl (at 0.5 % intervals) after incubation for 5 days at 28 C. Growth was estimated by monitoring the optical density at 600 nm. Anaerobic growth was tested in serum bottles containing R2B supplemented with thioglycolate (1 g l À1 ), in which the air was substituted with nitrogen gas. Cell morphology was observed at Â11 000 magnification, with a transmission electron microscope (JEM1010; JEOL) using cells grown for 2 days at 28 C on R2A. Motility was assayed in sulphide-indole-motility medium (SIM; Difco). Production of flexirubin-type pigments was determined by the procedures as outlined by Fautz and Reichenbach [27] . Catalase activity was determined by bubble production in 3 % (v/v) H 2 O 2 , and oxidase activity was determined using 1 % (w/v) N, N, N¢, N¢-tetramethyl-1,4-phenylenediamine reagent. T was included as the reference strain for the investigation of the biochemical tests using the same laboratory conditions. Carbon-source utilization and constitutive enzyme activities of strain THG-SQE6
Rivicola pingtungensis
T and the reference strain were tested by using API 20NE, API 32 GN and API ZYM test kits according to the instructions of the manufacturer (bioMerieux). The API kits were incubated at 28 C, and the results were obtained after 24-48 h.
Cells of strain THG-SQE6 T were Gram-stain-negative, motile by means of bipolar tufts of flagella, helical-shaped and exhibit microaerophilic growth. The cell size was approximately 5.3-9.3Â0.9-1.1 µm (Fig. S2 ). Oxidase and catalase activities were positive. Flexirubin-type pigments were not produced. Colonies grown on R2A plates for 3-4 days were smooth, opaque, white, convex, circular and 1.0-2.0 mm in diameter. The isolate grew well on NA, TSA and R2A, and weakly on LA and MacConkey agar, but did not grow on MA. Growth occurred at 4-42 C (optimum 25-42 C) and at pH 6-8.5 (optimum pH 6.5-7.5). The strain had optimum growth in the presence of 1.0 % (w/v) NaCl, but tolerated up to 1.5 % (w/v) NaCl. Cells were not able to hydrolyse Tween 20, Tween 80, L-tyrosine, casein, chitin, starch, CM-cellulose or DNA. Other physiological and biochemical characteristics of strain THG-SQE6
T are summarized in the species description and a comparison of selected characteristics with A. serpens IAM 13944 T are given in Table 1 .
For determination of the DNA G+C content, genomic DNA was extracted, purified as described by Moore and Dowhan [28] and degraded enzymatically into nucleosides. The nucleosides were analysed using a reverse-phase HPLC system (Alliance 2690 system; Waters) as described previously [29] using the reversed-phase column SunFireTM C18 (4.6Â250 mmÂ5 µm), a flow rate of 1.0 ml min À1 , the solvent mobile phase consisting of 200 nm (NH 4 )H 2 PO 4 /acetonitrile (97 : 3, v/v), and detection using a wavelength of 270 nm. The Table 1 . Physiological characteristics of strain THG-SQE6
T and Aquaspirillum serpens IAM 13944 T All data were obtained in this study, except the DNA G+C content of the reference strain (taken from [17] ). Both strains are white-pigmented, aerobic, catalase-and oxidase-positive and are motile. Both strains are positive for hydrolysis of aesculin and gelatin, but negative for hydrolysis of Tween 20, Tween 80, L-tyrosine, casein, starch and chitin. In API 20NE tests, both strains are positive for reduction of nitrates to nitrogen, and assimilation of malate and urease. In API 32 GN tests, both strains are positive for salicin, propionate, valerate, 3-hydroxy-butyrate, L-proline, sodium acetate, L-alanine and L-serine. In API ZYM tests, both strains are positive for alkaline phosphatase, esterase (C4), leucine arylamidase, valine arylamidase, b-glucosidase and cystine arylamidase. +, Positive; W, weakly positive; À, negative. genomic DNA of Escherichia coli DH5a T was used as a standard. DNA-DNA hybridization was performed fluorometrically, according to the method developed by Ezaki et al. [30] , using photobiotin-labelled DNA probes and micro-dilution wells. DNA-DNA hybridization experiments were performed between strain THG-SQE6
T and the closely related reference strain A. serpens IAM 13944 T . The optimum hybridization temperature for strain THG-SQE6 T was 38.08 C which was determined by the following calculation: [(0.51ÂG+C content)+47]-36 [31] . Hybridization was performed with five replications for each sample; the highest and lowest values obtained for each sample were excluded and the means of the remaining three values were converted to percentage DNA-DNA relatedness values.
The DNA G+C content of strain THG-SQE6
T was 53.1 mol%, which lies in the expected range of G+C contents of members of the genus Aquaspirillum (49-66 mol%; [17] . The DNA-DNA relatedness for strain THG-SQE6 T with respect to A. serpens IAM 13944 T was 62.62±0.6 %. This low DNA-DNA relatedness value, below the 70 % cut-off point for recognition of genomic species, suggests that strain THG-SQE6
T represents a novel species of the genus Aquaspirillum [32] .
For fatty acid methyl ester analysis, cells of strain THG-SQE6
T and reference strain were harvested in R2A after incubation for 2 days at 28 C and fatty acids determined as described by Sasser [33] . The polar lipids of strain THG-SQE6
T were extracted from freeze-dried cells grown on R2A for 2 days at 28 C [34, 35] . Polar lipids were examined by 2-dimensional TLC using TLC Kieselgel 60F 254 (Merck) plates (10Â10 cm) with chloroform/methanol/water (65 : 25 : 4, by vol.) and chloroform/acetic acid/methanol/ water (80 : 15 : 12 : 4, by vol.) as the first and second developing solvents, respectively. After being developed in the solvent system, lipids were visualized. For the presence of all lipids, TLC plates were developed by spraying with 5 % molybdophosphoric acid and charring at 120 C for 10 min. Aminolipids were detected by spraying with 0.2 % ninhydrin at 120 C for 5 min. Phospholipids were detected by spraying with molybdenum blue reagent (Sigma) at room temperature. Glycolipids were visualized with 2.5 % a-naphthol-sulfuric acid by charring at 120 C for 5 min. The isoprenoid quinones of strain THG-SQE6
T were extracted from freezedried cell material with chloroform/methanol (2 : 1, v/v), concentrated using a rotatory evaporator at 50 C and extracted in only n-hexane. The crude hexane/quinone solution was purified using Sep-Pak Vac silica cartridges (Waters) and subsequently analysed by reversed-phase HPLC system (Alliance 2690 system) [column: SunFireTM C18 In summary, the characteristics of strain THG-SQE6 T were consistent with descriptions of the genus Aquaspirillum with regard to morphological, biochemical and chemotaxonomic properties. The results of this polyphasic approach between strain THG-SQE6
T and its closest phylogenetic neighbour indicated that strain THG-SQE6
T should be assigned to the genus Aquaspirillum as a representative of a novel species, for which the name Aquaspirillum soli sp. nov. is proposed.
DESCRIPTION OF AQUASPIRILLUM SOLI SP. NOV.
Aquaspirillum soli (so¢li. L. gen. n. soli of soil, the source of the type strain). C. Growth occurs on R2A, TSA and NA, weakly on LA and MacConkey agar, but not on MA. Can grow in R2B at pH 6-8.5 (optimum pH 6.5-7.5) and with 0-1.5 % (w/v) NaCl. Cells are not able to hydrolyse Tween 20, Tween 80, Ltyrosine, casein, chitin, starch, CM-cellulose or DNA. Positive for activity of alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase, valine arylamidase, cystine arylamidase, b-glucosidase and acid phosphatase; weakly positive for trypsin; and negative for activity of lipase (C14), a-chymotrypsin, naphthol-AS-BI-phosphohydrolase, a-galactosidase, b-galactosidase, b-glucuronidase, a-glucosidase, N-acetyl-b-glucosaminidase, a-mannosidase and afucosidase. Positive for reduction of nitrate to nitrogen gas, glucose acidification, hydrolysis of aesculin, gelatin and urea, and assimilation of malate; weakly positive for assimilation of N-acetylglucosamine and D-glucose; and negative for indole production, arginine dihydrolase and assimilation of PNPG, L-arabinose, D-mannitol, D-mannose, maltose, gluconate, caprate, adipate, trisodium citrate and phenylacetate. Positive for utilization of salicin, propionate, valerate, 3-hydroxybutyrate, L-proline, sodium acetate, L-alanine and Lserine; weakly positive for DL-lactate; and negative for melibiose, L-fucose, D-sorbitol, L-histidine, 2-ketogluconate, 4-hydroxybenzoate, L-rhamnose, D-ribose, inositol, sucrose, itaconate, suberate, sodium malonate, 5-ketogluconate, glycogen and 3-hydroxybenzoate. The predominant quinone is ubiquinone-8 (Q-8), and C 12 : 0 3-OH, C 16 : 0 , C 18 : 0 , summed feature 3 (C 16 : 1 !7c and/or C 16 : 1 !6c) and summed feature 8 (C 18 : 1 !7c) are the major components of cellular fatty acids (!5 %). The major polar lipids are phosphatidylethanolamine, an unidentified phospholipid, diphosphatidylglycerol, phosphatidylglycerol, phosphatidylserine, an unidentified aminolipid and two unidentified lipids.
The type strain THG-SQE6 T (=KACC 18846 T =CCTCC AB 2016081 T ), was isolated from a reed pond in Shangqiu, PR China. The G+C content of the genomic DNA of the type strain is 53.1 mol%.
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